ABSTRACT
INTRODUCTION
In recent years, there has been extensive investigation on the synthesis of nonlinear optical (NLO) materials because nonlinear optical processes are technologically the basic tools of optoelectronic and photonic applications [1] . The development of highly efficient nonlinear optical materials for optoelectronic applications such as high speed information processing, optical communications and optical data storage have been the subject of intense research activity throughout the world over the past two decades [2] [3] . Organic materials show a good efficiency of second harmonic generation. But most of the organic NLO crystals have poor mechanical and thermal stability. In order to increase the mechanical strength and thermal stability, organic compounds are added with inorganic compounds. Glycine is the simplest form of amino acid which reacts with other inorganic compounds to give a good mechanical and thermal stability. Amino acids are interesting organic materials for NLO applications as they contain donor carboxylic acid (COOH) group and the proton acceptor amino (NH 2 ) group in them, known as zwitterions, which create hydrogen bonds, in the form of N-H + -O-C, which are very strong bonds. Hydrogen bonds have also been used in the possible generation of non-centrosymmetric structures, which is a prerequisite for an effective NLO crystal [4] . In the present investigation we report bulk growth, optical, mechanical and dielectric properties of Glycine Zinc Chloride (GZC) single crystals.
EXPERIMENTAL PROCEDURE
A solution of glycine and zinc chloride was prepared in 3:1 molar ratio and stirred continuously using magnetic stirrer for homogenization and tiny seed crystals were obtained by spontaneous nucleation. The chemical reaction is represented as
Recrystallization process was carried out two times and finally the crystals were obtained over a period of 25 days. Fig. 1 shows single crystals of GZC with high degree of transparency.
Fig. 1.
As-grown single crystals of GZC
RESULTS AND DISCUSSIONS

Single Crystal X-ray Diffraction
From the single crystal X-ray diffraction data, it was confirmed that the grown crystal belongs to orthorhombic system with the non-centrosymmetric space group of Pna2 1 . The cell parameters are: a=15.234 Ǻ, b=11.161 Ǻ and c=15.526 Ǻ; α=β=γ=90 which are in good agreement with the reported values [5] .
Optical Studies
The UV-Vis-NIR spectrum of GZC was recorded with a Lambda 35 spectrophotometer in the range 300-1100 nm with a crystal of thickness 2 mm. From the spectrum, it is evident that GZC crystal has UV cut off below 230 nm, which is sufficient for SHG laser radiation of 1064 nm or other application in the blue region. It further indicates that the crystal has wide transparency window between 300 nm and 1100 nm. The measured transmittance (T) was used to calculate the absorption coefficient (α) using the formula
where t is the thickness of the sample. Optical band gap (E g ) was evaluated from the transmission spectra and optical absorption coefficient (α) near the absorption edge is given by [6] 
where A is a constant, E g the optical band gap, h the Planck constant and ν the frequency of the incident photons. The band gap of GZC crystal was estimated by plotting 
The transmittance (T) is given by
Reflectance (R) in terms of absorption coefficient can be obtained from the above equation. Hence,
Refractive index (n) can be determined from reflectance data using the following equation,
The refractive index (n) is 1.47 at λ =1100 nm.
From the optical constants, electric susceptibility (χ c ) can be calculated according to the following relation [7] 
Mechanical Property
To find surface hardness of the as grown GZC crystal, microhardness was measured from 20 to 100 gram load using HMV Microhardness tester. The Vickers hardness number (H V ) was calculated using the standard formula,
where P is the applied load and d is the mean diagonal length of the indentation. The trace is shown in Fig. 4 , which shows that the hardness increases with the increase of load.
The Meyer's index number was calculated from the Meyer's law, which relates the load and indentation diagonal length as
where k is the material constant and 'n' is the Meyer's index. In order to find the value of 'n', a graph is plotted for log P against log d which gives a straight line. From the slope of the line the Meyer's index number 'n' was calculated to be 2.63. According to Onitsch [9] 'n' lies between 1 and 1.6 for hard materials and is greater than 1.6 for soft materials [10] . The 'n' value observed in the present studies is around 2.63 suggesting that the grown GZC crystal is a relatively soft material. 
Dielectric Studies
The dielectric constant and the dielectric loss of the Glycine Zinc Chloride crystals were studied at different temperatures using a HIOKI 3532 LCR HITESTER in the frequency region from 50 Hz to 5MHz. Fig. 5 shows the plot of dielectric constant versus log frequency. The high value of dielectric constant at low frequencies may be due to the presence of all the four polarizations, namely, space charge, orientation, electronic and ionic polarizations and its low value at higher frequencies may be due to the loss of significance of these polarizations gradually [11] . From the plot, it is also observed that dielectric constant increases with an increase in temperature. The variation of dielectric loss with frequency is shown in Fig. 6 . The characteristics of low dielectric loss with high frequency for the sample suggest that it possesses enhanced optical quality with lesser defects and this parameter is imperative for nonlinear optical applications [12] . 
Photoconductivity Study
Photoconductivity measurements were made using Keithley 485 picoammeter. The dark current was recorded by keeping the sample unexposed to any radiation. Fig.7 shows the variation of both dark current (I d ) and photocurrent (I p ) with applied field. It is seen from the plots that both I d and I p of the sample increase linearly with applied field. It is observed from the plot that the dark current is always higher than the photocurrent, thus confirming the negative photoconductivity.
Fig. 7. Photoconductivity of grown crystals
CONCLUSION
Good quality single crystals of GZC were grown by slow evaporation technique. Singlecrystal XRD analysis confirmed that the crystals belong to orthorhombic system with the space group Pna2 1 .Optical bandgap (E g ), absorption coefficient (α), extinction coefficient (K), refractive index (n), electric susceptibility χ c and dielectric constants were calculated .The grown GZC crystal is a relatively soft material from the investigations of microhardness. The frequency dependence of dielectric constant decreases with increasing frequency at different temperatures. Photoconductivity investigations reveal the negative photoconducting nature of the title material.
